This work aimed at assessing the nutritional efficiency of sugarcane cultivars in plant and first ratoon crop cycles. Eight cultivars were evaluated for the characters nutrient content (N, P, K, Ca and Mg) accumulated in the leaf +3 (L +3 ) and in the biomass and productivity of dry matter (DM). Significant differences (p<0.05) between cultivars were observed in almost all variables. The cultivars were separated into two and three groups in function of the nutrient accumulated in L +3 and biomass, respectively, both in plant cane and first ratoon cane. The average productivity of DM was 38 t ha -1 and 27.8 t ha -1 in plant cane and first ratoon, respectively. Only the cultivar RB867515 showed high utilization efficiency for all nutrients accumulated in L +3 in the two cycles. On the other hand, any cultivar exhibited simultaneous high utilization efficiency in the five evaluated nutrients in biomass. The cultivar that showed the best utilization efficiency was RB835486, standing out in four nutrients (N, P, Ca and Mg) in the two cycles. However, it was not possible to identify the best cultivars based only on nutrient utilization efficiency.
Introduction
Sugarcane (Saccharum spp.) is one of the crops of greater economic impact in Brazil. Given the growing existing demand for the main products derived from that culture, such as sugar, ethanol and fiber, increases in crop area and yield are recorded annually (CONAB, 2013) . Thus, the search for better varieties adapted to the different environments of cultivation, to the mechanized management practices and responsive to mineral nutrition has been intensified in recent years.
Among the many factors affecting the crop yield, the most important are the cultivar potential, soil fertility, climatic conditions, the incidence of pests and diseases and the cultural practices. Considering that the natural fertility is low in most areas cultivated with sugarcane in the south-central region of the country, the use of chemical fertilizers to increase productivity has become a common practice among producers. However, this practice has also contributed to raise the cost of production, and the excess of applications may cause serious environmental problems. Nitrogen, for example, when applied in excess in sandy and poorly structured soils in high rainfall conditions, can easily be lost by leaching, contaminating groundwater and springs (Biggs et al., 2013; Mitchell et al., 2009; Thorburn et al., 2011) .
On the other hand, sugarcane cultivars differ on the absorption and use of nutrients (Oliveira et al., 2010; Rengel & Damon, 2008) . Thus, it is possible to select efficient cultivars in use of nutrients, reducing the risks of environmental contamination and, above all, the cost of production. According to Blair (1993) , nutritional efficiency is the ability that the cultivar has to incorporate and use the nutrient in the production of economic yield biomass.
Studies on nutritional efficiency in sugarcane are scarce, however, very important due to the significant cultivated area (CONAB, 2013) . It should also be noted that sugarcane plantations are usually renewed only after five/six harvests. Thus, the plantation of a cultivar less efficient in the use of nutrients may increase the cost of production and, therefore, reflect in lower profitability.
The nutritional use efficiency is obtained through the relation between the production of economic yield biomass and the nutrient concentration in the plant tissue (Batten, 1992; Luca et al., 2002; Wang et al., 2010; Wissuwa et al., 2009 ). The nutrient content can be quantitated by chemical analysis of the leaves, or even from the whole plant. In sugarcane, the concentration of nutrients in the leaf tissue is usually determined from the third leaf of visible dewlap (L +3 ) at the maximum stage of vegetative development (Gallo et al., 1962; Malavolta & Gomes, 1962; Mccray et al., 2010) . Although more laborious, the nutrient content can also be measured from the chemical analysis of the whole plant when it reaches full maturity stage (Malavolta et al., 1997) .
This study aimed to evaluate the use efficiency of nutrients in sugarcane cultivars via foliar analysis and aboveground biomass in cane plant and first ratoon.
Material and methods
The experiment was conducted in the city of Mercês, Minas Gerais, Brazil (21°11'39 "S latitude, 43°20'29''W longitude and 522 m altitude). The soil was classified as a Red-Yellow Argisol with clay texture (Table 1) . Soil pH was of medium magnitude (5.5), and therefore, no acidity correction was applied, because the cation exchange capacity and base saturation level were within the recommended range for the cultivation of sugarcane (Souza et al., 2007) . The experiment was carried out in a completely randomized block design with eight treatments (cultivars) and four replicates, in a year-and-half cane system. The plots consisted of six 10-m long rows, with 1.4 m between rows and distribution of 18 buds m -1 in the row. The central 8 m of the four central rows were considered as useful area. Eight varieties of sugarcane were used for the study, which are: RB72454, RB835486, RB855536, RB867515, RB928064, SP80-1816, SP80-1842 and SP80-3280. These cultivars are representative in sugarcane production in Brazil, occupying extensive areas of cultivation. Moreover, they take part as genitors in the main improvement programs , 240 days after the implementation of the experiment; and fertilization in first ratoon -application of 170 kg ha -1 of N and 210 kg ha -1 of K 2 O, 60 days after the harvest of plant cane (Malavolta et al., 2007) . Both in plant cane and in the first ratoon, the fertilizations of N and K were made in the form of urea and potassium chloride, respectively. The nutrient replacement was made based on the average export value of nutrients, adjusted to harvest of the abovegroung parts (Malavolta et al., 1997) . The weeds were controlled through the application of herbicides and weedings when necessary.
Foliar sampling and nutritional analyzes were performed as described by Malavolta et al. (1997) . The L +3 were harvested when the plants were in full development stage, at 10 months in plant cane and at 7 months in first ratoon cane. Fifteen L +3 were randomly collected within the useful portion. After washed with distilled water, the middle third was selected and the midrib was removed. The leaf blades were dried in an oven with forced ventilation (65°C) until reaching constant mass. Subsequently, the material was ground in a Wiley mill, with a 20 mesh sieve and the samples were analyzed for content of N, P, K, Ca and Mg.
Plant cane was harvested at 16 months and first ratoon cane at 12 months. It was used the two central rows, which were harvested integrally, i.e, all the plants were cut off at ground level, keeping on them the dry leaves, green leaves and tips. After weighing the total biomass, information used to estimate the variable ton of biomass ha -1 (TBH), a sample of approximately 15 kg (whole stem with leaves and tips) was triturated in electrical forage. Subsequently, a sample of 500 g (fresh weight -FW) was subjected to drying in an oven with forced ventilation (65°C) until reaching constant mass, thereby obtaining the dry matter (DM). The DM, after weighed, was triturated in a Wiley mill, with a 20-mesh sieve. Samples of this material were analyzed for N, P, K, Ca and Mg, as described in Malavolta et al. (1997) . The variable dry matter ha -1 (DM) was obtained by multiplying the TBH by the coefficient of the ratio DM/FW. The values of accumulation of nutrients in the aboveground part of sugarcane were obtained by multiplying the concentration values of these elements by the dry biomass values of the aboveground part.
Use efficiencies (UE) of N, P, K, Ca and Mg were estimated by the expressions that follow, which were derived from those presented by Moll et al. (1982) : UE Xf = DM/content (g/kg) of the nutrient in the L +3 ; UE Xb = = DM/quantity (kg/ha) of the nutrient in the biomass, where: X = the nutrient under study (N, P, K, Ca and Mg).
Data of all variables were subjected to analysis of variance, following a completely randomized block design, according to the split plots in time (plant cane and first ratoon), considering cultivar and harvest as fixed factors. The means were grouped using the Scott-Knott test at 5% probability. All analyzes were performed using the software GENES (Cruz, 2013) .
Results and discussions
Significant interactions (p<0.05) between cultivars and crops (plant cane and first ratoon) were observed in all variables (N, P, K, Ca and Mg quantified in L +3 and in biomass, and DM). As a result, individual analyses of variance were conducted to plant cane and first ratoon.
Significant differences (p<0.05) among cultivars were observed for N, Ca and Mg in plant cane and K, Ca and Mg in first ratoon. Despite the significant differences among cultivars for N in plant cane, means ranging from 12.5-15.3 g kg -1 were not separated by the Scott-Knott test (Table 2) . For Ca and Mg, means were separated into two groups, although variations have been relatively small (4.5-5.4 and 0.9-1.2 g kg -1 , respectively). In first ratoon, means of K, Ca and Mg were also separated into two groups, however with larger amplitudes (3.9, 1.4 and 0.7 g kg -1 , respectively) than the verified in plant cane (Table 2) .
Comparing the overall means of the nutrient contents quantified in L +3 in plant cane and first ratoon, reductions of 22% were observed for P and K, and increases of approximately 45% for N and Ca, and 130% for Mg (Figure 1 ). However, these values are within the range considered suitable for the development of the crop and are similar to those reported in the literature (Franco et al., 2011; Malavolta et al., 1997; Reis Junior & Monnerat, 2003) .
Variations in the nutrient content in the L +3 from one cycle to another, as observed in this study, are common in sugarcane. Whereas the ability of nutrient uptake of the cultivars decreases along harvests due to degeneration (Carmo Neto et al., 2011) , to reduced management practices of post-harvest soil and to nutritional recovery below the requirement of the crop, it is to expect that the accumulated nutrient content in the leaf is smaller each harvest.
Regarding the Ca and Mg, no application was made before and during the experiment, but the levels of these nutrients accumulated in the L +3 were higher in the first ratoon compared to the plant cane. One of the explanations can be attributed to the main root system of the plant in first ratoon be already established, serving as a nutrient reservoir that can be readily used in the resumption of plant growth after harvests. However, Ca and Mg levels obtained in first ratoon are within the range considered adequate by Malavolta et al. (1997) .
According to these authors, changes in Ca content between 8-10 g kg -1 in plant cane and 5-7 g kg -1
in first ratoon provide a good development to sugarcane. For Mg, they highlight as suitable value a range between 2-3 g kg -1
, for both production cycles. It should be stressed that abiotic factors, such as water availability, brightness and temperature, have direct interference in the absorption and use of nutrients by the plants. Due to the high metabolic activity in young leaves of plants that are in full development, any change that happens in any of these factors can directly reflect the content of accumulated nutrients in the leaf, especially those highly mobile nutrients in the plant, like N, P, K and Mg (Rossetto et al., 2008) . Another important aspect relates to the translocation of certain nutrients, which normally occurs from older to younger leaves during the vegetative development of plants. In the particular case of sugarcane, this translocation also occurs from mature leaves to the storing tissue (stem) as far as the maturation of plants begins. Thus, it is understandable that changes occur in the content of accumulated nutrients in the leaf over the crop development cycle. ) in aboveground biomass in plant cane and first ratoon of eight sugarcane cultivars (Saccharum spp.).
Significant differences (p<0.05) among cultivars were observed in all nutrients analyzed in nutrient accumulation in aboveground biomass in plant cane and first ratoon. In plant cane, the means of the nutrients N, P and K, which respectively showed variations between 115-161, 38-43 and 207-288 kg ha -1 , were separated into two groups (Table  2) . For Ca and Mg, the means ranged between 110-162 and 20-40 kg ha -1 , respectively, and were divided into three groups. In first ratoon, the treatment means in all nutrients (N, P, K, Ca and Mg) were separated into three groups: 84-124, 22-26, 133-265, 39-63 and 17-31 kg ha -1 , respectively. Considering the overall means of the contents of accumulated nutrients in the aboveground biomass, it is observed that there was a reduction of plant cane and first ratoon of approximately 22% for N, K and Mg, 40% for P and 65% for Ca (Figure 1) . Of course, when there is no sudden change in weather conditions and nutritional replacement of the cane fields, it is expected that each harvest the content of accumulated nutrients in the biomass decreases gradually as it happens with productivity (Carmo Neto et al., 2011) . When the nutritional replacements are not performed or are not in adequate amounts, as it happened to P and Ca in this study, reductions in nutrient content from one cycle to another tend to be even higher due to the export of nutrients that occurs with the harvest (Oliveira et al., 2010 ).
Significant differences (p<0.05) among cultivars were observed for DM in plant cane and first ratoon. The means were 38.0 and 27.8 t ha -1 with variations between 30.3-43.3 t ha -1 and 22.5-33.2 t ha -1 , in plant cane and first ratoon, respectively (Table 3) .
Considering the mean of the two harvests, it is observed that the cultivar RB867515 was the one that produced more DM, reaching 38.3 t ha -1
. Similar values were reported by Oliveira et al. (2004) , who obtained means ranging from 35-44 t ha -1 , based on the evaluation of three cultivars in plant cane in the state of Paraná (PR).
Although the yield reduction from plant cane to first ratoon is common, the reduction achieved in this study was quite pronounced, reaching close to 30%. This process is associated with the genetic characteristics of cultivars and the genotype x environment interactions (Silveira et al., 2012; Silveira et al., 2013) . Environmental factors related to plant growth, such as temperature, light, water and availability of mineral nutrients (Lima et al., 2006) , and intrinsic factors of the cultivar, such as budburst, tillering capacity, age and activity of the root system, also interfere with the reduced productivity from a harvest to another (DinardoMiranda et al., 2008) . Values followed by the same capital letter in the column and the same lowercase letter in the line do not differ statistically by the Scott-Knott test at 5% error probability.
Significant differences (p<0.05) among cultivars were observed in all UE, for all studied nutrients (N, P, K, Ca, Mg) in plant cane and first ratoon (Table 4) . Except for K, which in plant cane provided the formation of three groups of cultivars, in all other nutrients (N, P, Ca and Mg) only two groups were formed, considering the two harvests (Table 4) .
Among all the cultivars evaluated in plant cane, only RB867515 and RB855536 always integrated the group of higher UE of nutrients, in all nutrients, therefore standing out as the most efficient in nutrient use. On the other hand, the cultivars RB835486, RB928064 and SP80-1842 have always been part of the group with lower mean in all nutrients. However, in first ratoon, in general, the cultivars showed UE distinct from the ones presented in the plant cane. The cultivar RB855536, for example, that in plant cane proved to be one of the most efficient, in first ratoon joined the group of less efficient cultivars for all nutrients. On the other hand, the cultivar SP80-1842 that was always in the group of lower efficiency in plant cane, in first ratoon became part of the group of the most efficient cultivars. Considering plant cane and first ratoon, only cultivar RB867515 remained in the group of higher UE.
Considering the average of the two harvests (Table 4) , there was no significant difference (p>0.05) among the cultivars for the UE of the nutrients, except for N and K, but only the cultivar RB867515 was different from the others. Thus, the RB867515 can be highlighted as the cultivar with the best overall UE.
Nutrient UE indices of all cultivars in plant cane were higher than in first ratoon for all nutrients. This result can be attributed to higher DM yield of the cultivars in plant cane compared to first ratoon (Table 3) . Otherwise, the content of all nutrients (N, P, K, Ca, Mg) accumulated in the leaf tissue in plant cane should be lower than the content accumulated in the leaf tissue in first ratoon, which did not occur. In this case, it is clear that DM production is not influenced only by the availability and use of nutrients, but by other factors, among them, the yield potential of cultivars and plant health.
Significant differences (p<0.05) among cultivars were observed in all nutrients studied in plant cane and first ratoon, although the means of the cultivars for some nutrients (N, P and Ca in plant cane, Ca in first ratoon, P and Ca in the mean of the two cuttings) have not been separated by the ScottKnott test (Table 4) . For K and Mg in plant cane, means were separated into two groups. In these two nutrients, only RB867615 is part of the group of cultivars with higher mean.
In first ratoon, two groups of means in nutrients N, P and Ca were formed, and three groups for K. Although there was significant difference among the treatments, means of use efficiency of Ca were not separated. As shown on Table 4 , any cultivar was highly efficient in the use of the five nutrients. Particular emphasis should be given to cultivars RB835486 (N, P, Ca and Mg) and SP80-1842 (P, K, Ca and Mg), which stood out due to their high means of efficiency in four nutrients each. On the other hand, the negative highlight was the cultivar RB928064, which was always part of the group of lower efficiency. The other cultivars showed varying behavior for use efficiency of the different nutrients. Values followed by the same capital letter in the column and the same lowercase letter in the line do not differ statistically by the Scott-Knott test at 5% error probability.
Considering the mean of the two harvests, it was observed that only the means of efficiency of P were not separated. For the other nutrients (N, K, Ca and Mg), means were separated into two groups. Only RB835486 showed high efficiency in the five nutrients. The varieties RB867515, SP80-1842 and SP80-3280 also showed good performance, with emphasis on four nutrients each. The other cultivars showed different behavior in the use efficiency of several nutrients.
When comparing the use efficiencies of plant cane and first ratoon, it can be seen that the difference between the two harvests was small, though significant. The greatest difference was observed in Ca, where the use efficiency in plant cane was lower than in first ratoon, in all cultivars.
Identifying cultivars efficient in the use of nutrients is essential for conducting economically viable crops. Furthermore, it is important to know the amount of required nutrients (absorbed and accumulated) by these efficient cultivars. This is because a cultivar can be efficient, but require high contents of nutrients.
Ecologically, preference should be given to the cultivation of highly efficient cultivars in nutrient use, however, with low nutrient requirement. On the other hand, there is no guarantee that these cultivars are highly productive. Economically, preference should be given to the growth of cultivars with high yield potential, however, efficient in use of nutrients, even if the required nutrient content is high. Through this strategy it would be possible to increase the yield per unit of cultivated area and not only maximize productivity due to the nutrient content applied to the culture.
Within this logic, it is possible to indicate some cultivars. The RB867515 accumulated higher N content in the aboveground biomass than the RB928064 in plant cane (Table 2) ; it also showed higher yield of DM (Table  3) . However, the two cultivars showed the same use efficiencies of N (Table 4) . Even accumulating greater amount of N than RB928064, preference should be given to the cultivation of RB867515 for providing higher yield of DM.
The cultivar RB867515 accumulated higher P content in the aboveground biomass than the RB855536 (Table 2) , however, they had the same productivity of DM (Table 3 ) and the same use efficiencies of P in plant cane (Table 4) . In this case, priority should be given to the cultivar with lower nutritional requirement/accumulation, therefore, to the RB855536.
Finally, a different situation from those presented above was observed between the cultivars RB928064 and SP80-1842. They showed the same Ca content accumulated in the aboveground biomass in plant cane (Table 2) , different productivities of DM and the same use efficiency of Ca (Table 4) . In this case, the advantage is of the SP80-1842, which showed the highest productivity.
These three scenarios were presented to show that the recommendation of a cultivar cannot be made based solely on the content of accumulated nutrients, or only for productivity and least of all only by the use efficiency of nutrients. The results of this study show that these three characteristics must be simultaneously analyzed so that economically viable crops can be conducted. In addition, different rates of fertilizers can be used for different cultivars without compromising productivity. Finally, it should also be emphasized that the relations between nutrient content in the tissue of sugarcane plant (L +3 and aboveground biomass), productivity of DM and nutrient use efficiency of the same cultivar are seldom maintained from a cycle (plant cane) to another (first ratoon). Thus, fertilization should be adjusted every cycle so that better economic yields are obtained.
Conclusions
Although any cultivar was highly efficient in the use of the five nutrients in the two crop cycles, RB867515 and RB835486 can be highlighted as more efficient cultivars and RB928064 as less efficient in the average of the two cycles.
The nutrient use efficiency cannot be used as the sole criterion for indicating the growth of a cultivar. The recommendation should be made based on the content of nutrients, nutrient use efficiency and productivity.
The nutrient use efficiency estimated from the nutrients concentration in the leaf (L +3 ) shows low consistency between plant cane and first ratoon.
